Abstract. Research on rutting deformation was performed using a wheel tracking machine (WTM) in the laboratory. The limited capabilities of the equipment, which can run for 1,260 cycles, are often an obstacle to accomplishing more in-depth analysis. This study evaluated the use of two types of asphalt mixtures based on the penetration value and the temperatures. The goal of this study was to use the WTM at a short cycle capacity to collect up to 3,780 cycles to reach plastic deformation (secondary zone). The curve is not continuous due to the lag time between each step of the test. The model was developed based on the changes in the deformation for each cycle. A method is proposed to evaluate the relationship between the rutting deformation curve and the load cycles of WTM during testing. The results showed that the curve is the power function with R 2 values from 0.963 to 1.000. This model can improve the shape of the curve with the addition of a reload step in the WTM short cycle.
Introduction
The influence of temperature changes on a road surface is not only due to the increased ambient temperatures but can also be caused by increased traffic volume. These changes can occur in the structure of asphalt concrete pavements and cement concrete roads. The effects of temperature and load increase on roads when a trajectory path is repeatedly followed.
In general, many asphalt pavements show signs of stress (e.g., rutting) in their wheel paths due to the prevalent loading conditions (i.e., wheel loads applied to a limited surface area) due to their plastic behavior at high temperatures [1] . Asphalt concrete pavement is a mixture of asphalt and aggregate. The bitumen has properties that are sensitive to changes in temperature.
Rutting is believed to be affected by several properties of asphalt concrete (AC) in addition to temperature and loading effects. The key factors that affect rutting must be identified to minimize the potential for rutting and to optimize the design process by modifying these important factors [2] . As a tropical country, Indonesia experiences variations in its temperature that can affect its asphalt concrete road surface conditions, especially during the increased temperatures of the dry season.
Rutting is caused by the accumulation of irreversible (or permanent) deformation in all pavement layers under the action of repeated traffic loading [3] . This condition can occur in some asphalt concrete pavements with high traffic volume, especially when the trajectory path is followed repeatedly by trucks.
At high temperatures, asphalt binder tends to flow more easily due to the natural decrease in viscosity associated with higher temperatures. This condition creates a ''softer" asphalt mixture that is prone to rutting [4] and necessitates asphalt with a high softening point or additive materials that increase the softening point. Certain mineral fillers can also increase the apparent viscosity of asphalt binders, again making the mixture more resistant to rutting [5] .
Another effect of rutting is the reduction in pavement thickness, which increases the occurrence of pavement failure due to fatigue cracking. These depressions or ruts are of major concern for at least two reasons: (1) if the surface is impervious, the ruts trap water and hydroplaning becomes a more serious threat, particularly for passenger cars, and (2) as the ruts increase in depth, steering becomes increasingly difficult, leading to added safety concerns [6, 7] . Rutting in Hot Mix Asphalt (HMA) pavement is caused by two types of mechanical response: viscous flow and plastic deformation. Plastic deformation occurs as aggregate particles move slightly relative to one another and is accompanied by viscous flow in the asphalt binder that binds these particles together [8, 9] .
The natural conditions and the increase of traffic loads often cause further damage to a pavement structure. The selection of appropriate asphalt and aggregate materials can also cause problems in asphalt concrete mixtures. Current asphalt concrete (AC) compositions appear to be insufficient to provide adequate durability due to an increase in axle loads, heavier traffic, construction errors and severe climatic conditions. Asphalt concrete mixtures have become in adequate to withstand rutting and to offer fatigue resistance due to the low void content of the mineral aggregate (VMA) [10] .
Variations in material characteristics are known to be a major factor influencing the rutting resistance of bituminous materials. Over the last 20 years, many researchers have focused their attention on these material characteristics and have attempted to make accurate predictions of the rutting propagation of bituminous pavements [11] . The evaluation of the rutting potential of asphalt mixes has been the focus of much research in pavement engineering in recent decades. The majority of existing permanent deformation models are empirical or semi-mechanistic models with limited fundamental material characterization [12] .
On a particular type of machine, the wheel tracking test has limited capabilities, often leading to inadequate data collection for analysis. The development of a method with the characteristics of short experimental cycles to achieve a long cycle of data was necessary to better analyze these data. The goal of this study was the development of a method to investigate the characteristics of rutting deformation due to repeated load paths with the wheel tracking test using a short-cycle test to a cycle that reaches at least the secondary zone.
Materials and methods
Aggregate. The principle steps in the design of bituminous mixtures are to choose the aggregate type, the aggregate grading, the bitumen grade, and the bitumen modifier and to determine the bitumen content that will optimize the engineering properties of the pavement with respect to the inservice behavior over the pavement life. The results of aggregate tests in the laboratory are given in Table 1 and Table 2 .
The proposed model can be used to represent the development of rutting in an asphalt mixture for different asphalt binders while maintaining the aggregate gradation and mix proportion unchanged. The asphalt mixture used in this study was Asphalt Concrete Wearing Coarse (AC-WC), which is defined by the HMA Specifications by the Ministry of Public Works of Indonesia (2008) and other relevant standards, including ASTM and AASHTO. Asphalt content. The optimum bitumen content of the AC-WC mix was determined using parameters such as the Marshall Stability, the mix density and the compacted aggregate density. The average of the optimum bitumen contents given by each of these parameters was taken as the optimum content for use in the experiment. The Marshall method (ASTM D1559) was used to determine the optimum binder content (OBC) of both conventional and modified asphalt mixtures (with the additive). The addition of Buton Natural Asphalt (BNA) lowered the penetration, the ductility and the fire point but increased the softening point [13] . Specimens with six different binder contents (4.5%, 5%, 5.5%, 6% 6.5%, and 7%) and no additives were created. The results of the Marshall tests are summarized in Table 3 , which shows that the OBC is achieved at a binder content of 5.9%. with a tolerance of ± 2%. The sample compaction was performed by a compactor that complied with the WTM test standards. A number of WTM tests were also performed to evaluate the permanent deformation performance of two types of materials. Wheel tracking is used to assess the permanent deformation resistance of asphalt mixtures under conditions that simulate the effects of traffic. A loaded wheel tracks a specimen under specified loading conditions, speeds and temperatures while the development of the rut profile is monitored and continuously measured during the test [4] . The test is performed by applying a contact pressure to the surface of the specimen, and a wheel weighing 4.4 kg/cm 2 is equivalent to a standard singleaxle-load double wheel weighing 8.16 tons. Each specimen experienced 1,260 cycles of the wheel over one hour at a speed of 21 cycles (42 tracks) per minute. The WTM test was performed at temperatures of 27 ºC, 35 ºC and 45 ºC, and the asphalt mixture included either pen 52 or pen 46.
Results and discussion
Rutting resistance analysis with the short cycle WTM test. The test results on the 4 sample types shown in curve [7] indicate that the deformation changed rapidly in the initial cycle (primary zone) and declined in the secondary zone. Previous studies conducted by several authors have shown that the process enters the secondary zone when the deformation changes are nearly constant.
Some authors [6, 7] agree that permanent strain changes during loading cycles are divided into primary, secondary and tertiary zones. Permanent strain accumulates in the primary step, and the permanent strain per cycle tends to decrease, reaching a constant value in the secondary zone. The permanent strain per cycle then starts to increase again, and permanent strain accumulates rapidly in the tertiary stage. The VESYS model (Kenis, 1977) was developed for rutting prediction models [14] :
where ε pn is the permanent strain due to a single load application, i.e., at the Nth application; ε r is the resilient strain, generally assumed to be independent of the load repetition (N); and µ is the permanent deformation parameter that represents the constant of proportionality between the permanent strain and the elastic strain (i.e., permanent strain at N= 1).
The depth of rutting deformation during the first cycle depended on the material characteristics and the influence of the temperature. Using the same material and cycle in the same position resulted in distinct deformation depths due to different temperatures. An increase in the temperature increased the depth of rutting, and each deformation increment in the rutting was affected by the softening point of the asphalt used in the asphalt concrete mixtures.
The curve illustrated in Figure 1 shows each loading cycle for the two types of asphalt concrete mixtures with different asphalt properties. The effect of the characteristics of the asphalt concrete mixtures is illustrated in the curve of the results for the mixtures, including the penetration value of the asphalt (pen 52 and pen 46) at the same temperature of 27 ºC. A decrease in the bitumen penetration value of the mixture reduced its deformation. Figure 1 shows the rutting deformation rate changes during each cycle due to increasing temperatures. The changes to the rutting deformation in the sample with pen 46 were smaller than those of the sample with pen 52 during the same cycle.
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where Y is the deformation (d i ) divided by cycle (N i th) and
where X is the number cycles at N i and a and b are factors of the power function. The value of the deformation (d) after N cycle repetitions can be determined from equation (3) as follows:
Based on equations (2) and (4), the authors propose a model of rutting deformation due to repeated loads as follows:
where d i is the rutting deformation after N i cycle load repetitions and A and B are factors representing the influence of the temperature and the material characteristics. (5) . Thus, it can be concluded that factor [A] represents the deformation during the first cycle. This result agrees with the VESYS model, where µ is the permanent deformation parameter representing the permanent strain at N= 1. Table 4 The resume of deformation characteristic Using the data in Table 4 , a rut depth curve for the load cycle prediction can be generated using the model equations (4), as seen in Fig. 3 . Figure 4 shows the comparison between the experimental results and model calculations for the same number of cycles, which gave R 2 values ranging from 0.985-0.999. 
Conclusions
The accumulation of irreversible (or permanent) deformation in asphalt mixtures formed in the secondary zone. For this reason, the wheel tracking machine completed a number of cycles until permanent deformation occurred. The result of this study is that the short cycles of the wheel tracking machine do not reach the secondary zone; thus, it is necessary to increase the number of cycles. Using a control model to add the number of loading cycles through the repetition process gives good results. It can be concluded that generating a curve power function of the characteristics of each cycle can perfect the shape of the curve test by adding some steps to the wheel tracking machine short cycle. The model that built can be used to control the test results of the wheel tracking machine short cycle, which is also used to predict the rut depth for a greater number of cycles. 
